The G-protein (heterotrimeric guanine nucleotide-binding protein)-coupled receptors in 33 the olfactory system function to sense the surroundings and respond to various 34 odorants. The genes encoding for the olfactory receptors in C. elegans are larger in 35 number in comparison to those in mammals, suggesting complexity in the receptor-36 odorant relationships. Recent studies have shown that the same odorant in different 37 concentration could act on multiple receptors in different neurons to induce attractive or 38 repulsive responses. The ASH neuron is known to be responsible for responding to high 39 concentrations of volatile odorants. Here we characterize a new GPCR, SRX-97. We 40 found that the srx-97 promoter shows expression specifically in the head ASH and tail 41 PHB chemosensory neurons of C. elegans. Further, the SRX-97 protein localizes to the 42 ciliary ends of the ASH neurons. Analysis of CRISPR/based deletion mutants of the srx-43 97 gene suggest that this gene is involved in the recognition of high concentrations of 44 benzaldehyde. This was further confirmed through rescue and neuronal ablation 45 experiments. Our work gives insight into concentration dependent receptor function in 46 the olfactory system and provides details of an additional molecule that could help the 47 animal navigate its surroundings. 48 49 50 51 52 53 54
Introduction
control sectors, divided by the total number of animals from each sector of the plate 145 excluding the C. elegans that are not moving at the center of the plate (illustrated in 146 Figure 3C ). A positive Chemotaxis Index (C.I.) indicates an attraction to the chemical 147 and a negative C.I. indicates an aversion to the chemical. 148 Assay to evaluate chemotaxis frequency 149 For analysis of the frequency or number of animals chemotaxing towards the source of 150 benzaldehyde, a modified grid chemotaxis plate was used (Nuttley et al., 2001) . The 151 sodium azide was omitted so that animals could leave a spots after an initial approach.
152
This grid consisted of four parallel lines drawn 1cm apart to divide the plate area into 153 five sectors with the distance between the second and third lines being 2 cm (illustrated 154 in Figure 4A ). Two microliters of benzaldehyde were placed on one small sheet of 155 parafilm and ethanol was placed on another as the control. The benzaldehyde and 156 ethanol were placed at opposite ends of the plate (6 cm away). After a 60 min time drop is delivered on the agar plate 0.5-1 mm anterior of the moving C. elegans (Hilliard 168 et al., 2002) . Once the animal encounters the dry drop of chemicals, the head amphid 169 neurons sense the chemicals and the C. elegans shows repulsion or avoidance 170 behavior. Normally WT C. elegans shows backward movement within 1 second (sec) 171 while mutants like odr-3 would show a significant delay in response. The delays in 172 response to these different chemicals were calculated in the assay. Drops of M13 buffer 173 were used as a control where animals as expected did not show any response. Glass 174 capillaries (10 mm) pulled by hand on flames to reduce the diameter of the tip were and recover till they reach the young adult stage. Single animals were then transferred 191 to unseeded plates and allowed to habituate for 1 min. Benzaldehyde (a a concentration 192 of 10 -1 ) was filled in the glass capillary having a small opening pore. The filled capillary 193 was held just in front of the anterior region of the moving C. elegans. The lag time was 194 calculated by considering the time taken by the animal to reverse half of its body length.
195
Videos were recorded for 5 min at 10 frames/sec with 5-6 readings leaving a gap of 196 about 1 min between each reading. The results were plotted using GraphPad Prism V6 197 and evaluated using student t-test , mean± SEM was plotted 198 CRISPR/Cas9 mediated deletion of the srx-97 gene 199 The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)/Cas9 200 system was used to create the srx-97 deletion mutation as described previously 201 (Dickinson and Goldstein, 2016) . The two guide RNAs were designed (Hsu et al., 2013) 202 and cloned separately into the pRB1017 vector under the CeU6 promoter. The Cas9 203 enzyme was expressed from the pJW1259 vector under the erf-3 promoter. The
204
Selection Excision Cassette (SEC) containing plasmid pDD287 was cloned along-with 205 flanking loxP sites into the pPD95.75 vector as described previously (Dahiya et al., 206 2019). The resulting plasmid was used to clone homology arms (500-600 bp) using 207 restriction enzyme based cloning methods.
208
The plasmid mixture containing repair template (40 ng/µl), sgRNA_1 (10 ng/µl), 209 sgRNA_2 (10 ng/µl), pJW1259 (50 ng/µl), pCFJ90 (2.5 ng/µl) and Pvha-6::mCherry (15 210 ng/µl) was injected into 20-30 adult hermaphrodite animals (containing 4-5 eggs) that 211 were kept at 20 0 C. Hygromycin was added after 60 hours (hr) of injection, directly on 212 the NGM plate containing C. elegans. The hygromycin treated plates were left for 10 days at 20 0 C. Next 20-30 non-fluorescent rollers were singled out on normal seeded 214 NGM plates. Once 100% roller progeny were observed on the plates these plates were 215 kept at 34 o C for 3-4 hr. Normally moving C. elegans were then picked and allowed to 216 produce progeny. The genomic DNA was isolated from these progenies and the desired 217 deletion was confirmed using PCR and sequencing techniques. receptor for odorant/s. Since no mutant strain was available for this gene, we utilized 295 the CRISPR/Cas9 based strategy to generate a deletion in the srx-97 gene.
296
The SRX-97 GPCR is part of the SRX family of proteins that belong to the SRG 297 superfamily that encodes around 320 genes (Robertson and Thomas, 2006; Vidal et al., 298 2018). The srx-97 gene encodes a predicted protein of 317 amino acids (Figure 2A ).
299
Hydrophobicity analyses showed that the SRX-97 protein encodes for a seven- (Figures 2 B and C) .
Loss of srx-97 shows defects in chemotaxis towards Benzaldehyde

305
ASH is a polymodal neuron, it can respond to noxious, mechanical and osmotic stimuli 306 (Colbert et al., 1997; Hilliard et al., 2005; Hilliard et al., 2004; Kaplan and Horvitz, 1993) .
307
To characterize the role of the SRX-97 GPCR in the ASH neuron, we checked the Horvitz, 1993). The srx-97 mutant animals did not show any significant defects in 311 avoidance assays towards these compounds when compared to the control wild-type 312 (WT) C. elegans ( Figure 3A, B and Table 4 ).
313
The ASH neurons are also known to be involved in detecting volatile chemicals responses towards these chemicals. We found that the srx-97 mutants did not show any 329 significant defects in chemotaxis towards IAA and DA when compared to control C. 330 elegans ( Figure 3E and Table 5 ).
331
The ASH neurons are known to be involved in detecting benzaldehyde (Taniguchi et al., 332 2014; Troemel et al., 1995) . A previously identified GPCR, DCAR-1 has homology with 333 the SRX family of proteins. Further, dcar-1 mutants show defective chemotaxis towards 334 undiluted benzaldehyde (Aoki et al., 2011) . In our chemotaxis assay, the srx-97 mutant 335 animals showed significantly more attraction towards a high concentration of 336 benzaldehyde (10 -1 ) when compared to WT controls ( Figure 3F ). At lower 337 concentrations (10 -10 and 10 -100 ) of benzaldehyde and undiluted benzaldehyde, there 338 was no significant difference between srx-97 and WT animals ( Figure 3F ). It has been 339 previously reported that the ASH neuron is involved in responding to high Leinwand et al., 2015) . Since SRX-97 is expressed in the ASH neuron, it could be 343 involved in sensing a very specific concentration range of Benzaldehyde. In order to 344 confirm the srx-97 mutant phenotype, we went on to rescue the defects seen in the srx-345 97 mutant line. We found that the defects in chemotaxis towards benzaldehyde seen in 346 the srx-97 animals could be rescued by expressing SRX-97 under its native promoter as 347 well as with the osm-10 promoter that shows expression in the ASH and ASI neurons 348 ( Figure 3G) . These data suggest that the csGPCR SRX-97 is responsible for sensing 349 the high concentrations of benzaldehyde. 351 We next analyzed the chemotaxis frequency of srx-97 mutants towards high 352 concentrations of benzaldehyde (Nuttley et al., 2001) . Here we added the benzaldehyde 353 (10 -1 ) on a small sheet (0.5-1 cm diameter) of parafilm so it would not be soaked in the 354 media. We also excluded the addition of sodium azide on the control and test spots so 355 as to allow the C. elegans to move freely towards the control or test spot (Illustrated in 356 Figure 4A ). After a 60 min incubation period, the number of animals were counted 357 sector-wise and the chemotaxis frequency was calculated by the formula indicated in 358 Figure 4A . Again the srx-97 mutants showed a significant increase in their attraction 359 towards benzaldehyde ( Figure 4B ). This defect was rescued by expressing SRX-97 360 under its endogenous promoter, again suggesting the SRX-97 is responsible for 361 sensing high concentrations of benzaldehyde.
Ablation of ASH causes defects in Benzaldehyde sensing
362
In order to gain further evidence that SRX-97 was indeed acting in ASH to sense high 363 concentrations of benzaldehyde, we ablated the ASH neuron in WT animals. We then 364 went on to test the delay in response towards benzaldehyde (10 -1 ) in mock ablated and 365 ASH ablated C. elegans. Our data showed that the ASH neuron ablated WT animals 366 showed significant delay in their response to benzaldehyde when compared to the 367 mock-ablated animals ( Figure 4C ).
368
Defects in sensory signaling appear to function downstream of srx-97 369 The ASH neurons expresses multiple GPCR associated sensory molecules that are 370 reported to be required for signal transduction (Hilliard et al., 2005; Hilliard et al., 2004;  is primarily required for sensory signal transduction and is involved in response towards (Troemel et al., 1995) . Previous work has shown that the distance or diffusion gradient 441 of a test chemical may activate primary sensory neurons like AWC and AWB (Leinwand   442   et al., 2015; Taniguchi et al., 2014; Yoshida et al., 2012) . Our work also indicates that 443 defects in the downstream signaling molecules in these neurons could affect the 444 repulsion of the animals from the source.
445
Our results further suggest that there could be alternative pathways for signal genes (Cuppen et al., 2003; Jansen et al., 1999) . Out of these 11 Gα proteins are 451 known to express in ASH neurons (Bastiani and Mendel, 2006) . Our results hypothesize 452 that the ASH neuron is involved in aversion to undiluted or high concentration of 453 benzaldehyde through multiple or redundant chemosensory pathways involved in the 454 signaling through GPCRs like SRX-97.
455
In conclusion, our results bring out the possibility that SRX-97 is a key mediator in 
